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ABSTRACT

on both oxidized and ceduced Pt/TiOz, carbon dicxide
decompposes at room temperature to form cherisorbed cxvjen ators

and carbon monoxide. In the absence of Pt noc decompisi®.cn wil
found. On reduced samples, the oxygen atoms were stadilized cn

the titania support and reacted further with CO2 to forr adsorbed

hidentate carbonate. Cn reduced Pt/Ticz, the adsorbedé CC produced

in the decomposition reaction produced a lirearly bound szecies z-

step sites in the initial stages of the reaction. As the reacticr

proceeded, CO adsorbed 1linearly on terrace sites was found. <Cr

oxidized Pt/Tloz, the decomposition rate was zuch slcwet 3rd arl:

linear step site species were obsferved. From tre resuits we

conclude that Pt

step sites are the active

sites for ccz
dissociation.
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1. Introductiar,

s (H

tne discovery by Frimet et al, of freauencies
isgociated to edscrbed CO after exrosure of Rh/Al,0, catalysts to
Ccz, rany tvagers have been published dealing with the interaction
of CC2 with Fh-rasaed catalysts. Scmorjai et al.(z_‘) studied CO2
zdssrgzion on several FRh single crystal and polycrystalline
s:rples arnd found evidence for dissociation of CO, using electron
erer3y loss vitrstional spectra. However, several other groups

15-7)

fird no eviderce for dissociated Q. on Rh. Recently,

SalyTosi 2t al.‘e) reported that C02 interacting with Bh/Alzo3
dissociites in the presence, but not in the absence, of H2. There
is 3diszgreerent on this point as Iizuki and Tanaka(g, find on a

that Cc2 is dissociated at 300K and mcderate

ever in the ahsence of H,y.

Tr this gfa2per, we crerort the dissociation of Coz on both
and ccuuced cgarples of Pz/TiCz. A éiscussion of the
>1ved  in the dissociation of coz as well as those

n tlte reterticn of the reaction products is preseated.

we have reported that CC, is not adsorbed an? no

fpecivg  aze forme? on reduced Tlcz.(lo) Upon exposure

& ?:,:;-2 ©o CC/a;, we rave fourd two kinds of adsorbed linear CO
(11)

3re  attrituted to step and terrace sites. Here we find

digrociation leads to several kinds of carbonate species

2. xperimental.

All the procedures used here were identical to those reported

" have been discussed previously.

{11

in another paper from this laboratory. Infrored spectra were

taken on a Nicolet FT-IR spectrometer and were recocces i

1 resolution. Spectra roported here have

absorbance withk 2 cm
been corrected by subtraction for absorption of the gas phase, the
solid ausorbent before adsorption and the Car2 windows. A1l
spectra were recorded at room temperature.

Anatase (MCB) was reduced with HZ at 80C°C and scaked 1in
dilute chloroplatinic acid solution to get 2 wt.% Pt/Ti0,. Tre
sample was dried at 100°C and then washed with distilied water
until no chloride could be detected in the wash water. 7Tre =:-¢
procedure has been followed to obtain active catalys:s for
photoassisted reuctions.(lz'ls)

rellets for IR analysis were pressed between two fletes of
paraffin paper: the advintages and disadvantages of this rrocedire
Q1 paen pellet was oxidized at
400°C in the IR cell in order to remove paraffin fragmerts.

Three kinds of Pt/Tsz, each with & cifferent reducticn
temperature were used in this work. For sivplicity esck sawple is
denoted by three temperatures, the oxidation, reducticn and
evacuation temperatures. For example, the notation 40C-200-4CC
signifies oxidation at 400°C, reduction at 200°C and evacuaticn at
400°.

Reactant co2 was degassed and purified by pumping through two
cold traps maintained at 77 and 195K, These procecures werc
performed with great care to eliminate any residual CO trat =i3ht

be present in the reactant gas. All interactions of CO2 with the

substrates were carried out at 30OK.



C:zrben gicxide adsorption on a 400-2C0-400 substrate is shown

in Fig. l. ¥hen 20 torr of Cc2 was introduced, Fig. la, bands at

2354, 22183, 2C77, 1431 and 124% cm'l were observed. After 15 mirn,
1

Fij. 1, 2 rew tand was found at 2092 cm . After 1 hr, Fig. lc,

-1 .
the 2354 c=o band intensity decreased about 10§ and the 2077

cr t2nd  jrcreased by apout a factor of 2. A 23 hr exposure,

f.g. i¢, led 0 an order ¢f magnitude decrease in the intensity of

tre 2254 cm”! rand aré a shift to 2245 ca l.

In addition, new

atceaged ot 1673 and 1617 cm-l while the intensity of the
1\

bsnd increased by a factor of 3. Subseguent evacuation

az 25°C for 10 min, Fig, le, left only the bands at 2092, 2077 and

1617 em” L.
The bands of Fig. 1 are assigned ac follows. In accord with
tie worE cf Morterrz et 51.117) and our previous work(lo), the

;:4 and 1283 o7 ° peaks are assigned to coordinated CO2 and

CO, (natural abdurdanct), the 1245 and 1673 em~! bands to

cerbcnate ard the 1598 and 17 =71 pands to

respecrively. No monodentate carbonate was detected

in trese expitivents.

7-e bands ac 2077 and 2092 cm ! are assigned to linear CO

on step arnrd terrace sites, respectively. {The

sce languzge 1ig& ufed here but the results may be
éiscuszed equally well in terms of open and close-packed
microczystallite faces.) These band positions are in excellent

zgteerent with those observed cn both reduced and oxidized

./ {113 -
P./.xcz.‘ Y The appearance of these two bands and the time

— i

deperdence of their development indicates clearly that CCy 7

dissociating on P:/Tioz and that the product CO occupies Terrace

sites only after the step sites are filled. It is significant

that the absorbance of the 2C77 t:m-l peak, Fig. le, is C.C3 which

is about 25% of that observed at 2094 en”d

o. (11}

when this substrete 1s

exposed to C This indicates that the nurber of adsorbed IC

molecules is much larger than could be accounted far on the tasis

of impurities in the C02. Additionai evidence that the ctserve:l

~0 bands are not due to artifacts, such as CO desorpticn from the

walls, comes from water adsorption experiments where nc CC peax

was Observed.

When this substrate was exposed to CC, ¢ bridged spccies at

d‘(ll)

1854 en”l was foun The fact that it is not found rere 1s

ascribed to the
(18)

relatively low coverage of CO. FKopster ar?

Ibach, using high resolution electron energy less

spectroscopy, find that on Pt(111) bridged species appesr erly 2t

high coverages of CO.
The behavior of the carbonate bands provides insight irto the

surface processes involving the oxygen atcms forred in tr2

decomposition of carbon dioxide. In the eariy -tages cf zhe

reaction, Fig, la, b und ¢, coordinated COZ domirates the

spectrum. Some bicarbonate is found along with z hydrogen bonied

species involving

36's cm}  (not

two adjacent OH groups of ticartcnate species,

[81:}] (10)

shown . here). In another paper, we show

that two intecacting bicarbonate species fotm water nd

coordinatively unsaturated Ti sites which are active for tte

formation of bidentate carbonate species in a reaction with CCo.
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This :3 shown schematically :n the followirg eguation.

OF
c 5
- 2N a o
oK 4 a j:
.0 N/ . H.0
2 “n” iZCOl—"ZQHT‘;' — M ¢ M4 200 ¢H,
Ricarbenate co,
(1)
ey
o’ \o

B:J...t:}. Carbonste
dire O Jeprecents & vacant coordination site on Ti. These
proceszes  2re  alzo tnought to take place herte. While the
format.cn of btidentate cartorate is a convenient way to describe

cre rcle plived by oxygén atoms formed in tre decomposition of

€it.evicn 15 complicated on 400-200-400 materials since

clear whether the oxygen atoms produced in the
decornzsiticn  process change the surface enough to form bidentate

whether tre recduced sample possesses these sites

-
jos
.
w

ot

vestion, a 40C-400-400 sample was exposed to
2identate carbona:e species (1674 en”ly,
} and ccerdinated €O, (2247 cm'l) were found
a.wer I z.n, Fig. 2z, erghasizing that reduced samples 40 possess
sitec Zcr Lbicarbonate tormation. This contrasts to interactions
£

17 tne 3zsence c©f Pt where no carborate species ate tound.(lo)

t.7e, 20 min and 2 tr as stown in Fig. 2b and 2¢, there were

crarnges. After 2 hr, Fig. 2c, the intensity of the

coordinazed Co2 species dropped by a factor of 3 and s small

amount of linear CO appears at 2056 cm'l indicating disscecizticr
of CC,.

It is al)so of interest that, during CO2 exposure, the
intensity of a broad baad in the 100C-1200 cm'} range increascd.
This is due to Ti-O lattice vibrations ard suggests that s.ume cf
the oxygen atoms derived from the CO, decomposition cxivize t-¢
previously reduced Ti02 surface. Many papers have dealt with (te
structure of Tioz following reduction at 500°C and it is thought
to be best described as T“°7(19-21) or T19017(22:. in additicr

to oxidizing the surface, oxygen aroms can charge the surface

coordination to lead to bidentate carbonate as follows.

%
. c.2-
R 8 a o o o
2 R
T ¢ O =< \T‘-./ __l._,co T" (2)

Picking up two electrons corresponds o oxidatiocn cf the 7.
centec,
The very weak {ntensity of lineatr CO bands in Fig. 2, zc¢

compared to Fig. 1, 15 related to the sirong rmetal sc.grort

22
interaction (SMSI) effect wicely discussed in the Iitexai;:e{"'
and prevailing on strongly reduced Pt/Ti0,. 1In the early stages

of the reaction, Fig. Jv, the formation of bidentate cizricrnate

species at 1674 cn—l is accompanied by the dissociation cf

::2.
However, the SMSI effect lowers significantly the chemiscrpricn
capacity for CO and very little acsorbed CO accurulates. ‘e

decrease of 1435 cl'l intensity and the appearance of the water

LA e M ew W Syt A g St—— —— . e -
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bending mcde at 1628 en!

is readily explained by reaction (1).
figure 3 shows the results of C02 exposure on a 400-NG-400

samzle, i.e. ox:dized at ACCQC tut not reduced. After a 10 min

exposure, Fig. 32, to 20 torr of CO2 at 25°C. bands were observed

1234, 1€74, 1628, 1567 and 1434 cm 1. These are 11signed

16 coccrdiraced :02 and 13C02. bidentate carbonate, water and a
i.r i tarnds 24~ to bicarbcra.e, respectively. After 90 min,
¥:3. ., <«re coordinated Co2 intensity (1352 cm_l) dropped by

35 order of magnitude while bards due to water (1628 cm-l)

Tonate (1674 cm-l) doubled. These increases were
1

accoTpznied by 2 cecrease of the bicarbonate (1434 em™", intensity

ap3 trhe relation is understood in terms of reaction (1),
Bfrer 3 dzvs, Fig. 3c, the coordinatec Ccz intensity dropped

zc a rejiigisle level, a band due to lirear CO on Pt appeared at

1

2376 cr~ ', ster sites, the water band at 1628 em”~ grew and the

oicarterate bands a2t 1597 and 1434 (::n"l decreased. The slope

ctserwad belew 1706 cm'l is attributed to i1nadequace subtraction.

forration  of
(11)

The €104 adsorred CC species is very

interesting. In another pager we reported that CO interacted
with this kind of support to form CO2 and carbonates but the
ox-3en a%oms o step Sites were more difficult to remove than
zroze on terrace sites. The results obtained here suggest that
some sites are still active for CO2 dissociation when the suyrface
is ccvered with oxygen atoms, Howeve., the reactions are
exirerelr  slow. ~he ¢bserved CC freguency, 2070 cm-l, indicates
adszciption  at tep sites and is consistent with the results of

Pig. 1 where step sites are filled before terrace sites.

© e e e con

e e ——
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These experimental results imply that Co2 dissociation takes
place either on satep sites or at the interface between Pt sites
ard the Tioz support. 1If the latter occurs then migration of CC
to steps must occur subsequently. Such processes are well known
on single crystal surfaces.(z" Since adsorted cxygen atoms cover
step sites strongly and selectively‘}!) it is difficuit tc see new
CO 1is selectively adsorbed on step sites. We ascribe ce,y
Aiesaciation, under all conditions used in this work, to reaction
at step sites. This readily accounts for the results of Figs. 1
and 3 where the Pt morphology, non~SMSI, is characterized Ly reugn
hemispherical particles with high concentrations of stegc ard
kinks rather than flat particles dominated by pt(1:1).{1% s
noted in the introduction, there is disagreement about whether or
not Co2 dissociation occurs on Rh samples. Our tesclts point ¢
sur face heterogeneity as one possible explanation for this
disagreement. Step sites or open faces, present in signif:cant

concentrations, could account for the dissociation,

 ——————— pn A Bt - - — -
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CAPTICNS

o

€0y adsorption at 25°C on a Pt/TiO, sampie reduced at

200°C  (400-200-400). (a)-(d) 20 zorc CO, exposure for 5

min, 15 in, i hkr and 23 hr, respectively. (e)

evaccation at 259C for 30 min after (d).

€0, adsorption at 25°C on a Pt/'.\‘io2 sample reduced at

462°C (400-400-400). (a)-{c)} Exposure time of 5 min, 20

=ir and 2 br, respectively.

(4 adsorption at 25°C or an oxidized P:/Tioz sample

(a)-({c) Exposure time of 10 min, 90 min

(460-%0-40¢2).

and 3 days, respectively.
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FIGURE CAPTIONS

Figure 1. COy sdsorption
(400-200-400).
wr and 23 Bhr,
after {(d}.

Figure 2. adsorption

co,
(400-400-400) -

respectively.

Figure 3. coz adsorption at 2
(2)-{c) Exposure time of 10 min,

at 25%C on a Pt/Ti0, sample reduced at 200°C
1% min,

{a}-(d) 20 tore 0, exposure for % min, 1%
respectively. le) Evacuation at ~g0C for 3L ri0

av  25°C PL/Ti0, 100

(a)-{c) Exposure tire of § min, .

on 3

59C on an oxidized Pt/TiD, senple {20C-%C-307

90 min ant 3 cays, respeCivery.

P

sample reducec 2% S v

¢ mir anéd 2 ne,
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